We present a framework for characterising hospital scenarios involving the patient chart. The paper-based chart is regarded as simple, efficient, and handy for mobile use by patient-care teams. However, the chart is available in only one physical place at a time, and it needs to be manually synchronised with the electronic healthcare record (EHR). The framework presented in this paper has been developed for use in non-participatory, observational studies performed at the University Hospital of Trondheim, conducted as a part of the MOBEL (MOBile ELectronic patient chart) project at NTNU. We have developed the framework iteratively; repeatedly observing groups in the ward, characterising observations in the framework, and changing attributes and outcome values. This paper presents our latest framework, a representative choice of scenarios, and their characterisation. We conclude with a discussion of results so far, the method, and the utility in the development of the MEPC.
should not only lead to job shifting, such as nurses or doctors taking over secretarial duties, but to the real, conceived improvement of patient-centred work (Moore, 2002) .
To get a general view of how the paper-based patient chart is used in the wards today, we performed, and still do, non-participatory, qualitative observational studies at the University Hospital in Trondheim. So far, the studies have taken place in three different departments (Department of Medicine: Division of Gastroenterology, Department of Cardiology, and Department of Neurology). The purpose of the observations was to identify scenarios that would improve, change, or even become superfluous by introducing the MEPC.
As a preparation for the observational studies, a set of attributes that we considered important for structuring and formalising the observations was defined. The purpose of developing this framework was twofold, as we also wanted to use the outcome of characterising the scenarios obtained from the observations in producing requirements to the mobile, electronic patient chart.
This paper presents the framework and describes a number of representative example clinical scenarios that are characterised by means of the framework.
Related work
The proposed framework for characterising scenarios is inspired by and related to work in requirements engineering, computer supported collaborative work (CSCW), human-computer interaction, and sociology (e.g. Horrocks et al., 1998; Sørensen et al., 2002) .
Observational studies are valuable for understanding clinical needs and to allow analysis of communication behaviour among health care workers (Coiera and Tombs, 1998; Heath and Luff, 2000; Hughes et al., 1993) . This technique is used extensively by anthropologists and sociologists. Forsythe et al. (1992) have conducted an empirical study, using ethnographic techniques. They identify and interpret physicians' expressions of information needs in medicine and how to broaden our conception of 'information needs'. Schneider and Wagner (1993) have analysed the complex nature of collaboration in hospitals, especially investigating information sharing and organisation of work under different technological regimes, with special attention to the role of different types of screen-based records. Furthermore, Symon et al. (1996) also use participant observation as a basis for a discussion about how work coordination is achieved in practice and how those insights are important for CSCW design in a hospital. Marc Berg has published extensively about information systems/technology and health care, with a social scientific point of departure, and has conducted several ethnographic studies. He stresses the importance of insight into 'organisational issues' when developing and evaluating patient care systems. Designing successful systems is dependent on a thorough sociological understanding of the complex practices in which information technology is to function (Berg, 1999; Berg et al., 1998) .
Building narrow or rich scenario descriptions of current work practice situations in order to perform requirements analysis has been one of several roles of scenarios in the system development lifecycle (Carroll, 1995) (see also Bødker and Christiansen (1997) ). The term 'scenario' is here defined as the description of a process or a sequence of acts, in narrative form (Kuutti, 1995) .
Framework outline
A complex mixture of formal procedures and informal practices, cyclicity and mobility characterises the work activities in the wards. The proposed framework tries to capture all these aspects. Figure 1 illustrates the process of developing the framework. Initially, a set of attributes with corresponding values was defined. Next, the observational studies were performed, and based on the observations a number of example ward scenarios were extracted. Then the example scenarios were characterised by using the framework.
The framework consists of three main parts: process attributes, input attributes and outcomes (see Table 1 ). The main characteristics of the framework are related to the produced knowledge or information; type, amount, medium/modality, information/knowledge flow and time perspective/validity. Other characteristics include planning, delegation, and decision-making issues. The attributes of the framework are described in more detail in the following sections.
The possible values of each attribute are given in brackets, separated by commas.
Process attributes
Number of participants (1, 2-4, > = 5) States the number of participants involved in the scenario. The value '2-4' typically represents a patient care team, while '> = 5' represents the ward physicians, nurses or the entire ward staff.
Number of roles (One, Two, Several) Number of roles represented in the scenario (i.e. physician, nurse, enrolled nurse etc.).
Number of role levels (One, Two, Several) Number of different role levels (i.e. consultant physician, house officer, etc. Temporality (Synchronous, Asynchronous) States the temporal nature of the scenario.
Information exchange (One-one, One-many, Many-one, Many-many) Indicates how many of the scenario participants who provide and receive information.
Initiation (On demand, On decision, On preconditions) States the reason for the scenario.
Delay tolerance of scenario start (None, <1 day, <2 days, <5 days, Unknown) States how urgent the scenario is; the values corresponds to 'urgent', 'within 24 hours', 'not urgent' or 'not known'.
Input information attributes
Novelty (To some, To all) Indicates if the input information is new to one or more of the scenario participants.
Recorded (Personal notes, Informal local practice, Forms, Patient record, Not) Denotes how the source(s) of the input information is recorded, such as in personal notes, forms, varying due to informal local practice, and/or in the patient records.
Longevity (None, Short term, Long term) Denotes the lifetime of the recorded input information used in the scenario. 'None' is related to oral input information, 'Short term' is related to personal notes or other informal practices, 'Long term' indicates permanent storage in the patient record.
Medium/mode (Speech, Text, Picture, Other) Denotes the form of the information brought into the scenario.
Scope (Some, All) Indicates the intended receiver(s) of the input information.
Delay tolerance of input information (None, <1 day, <2 days, <5 days, Unknown) States how soon the information is needed; the values correspond to 'urgent', 'within 24 hours', 'not urgent' or 'not known'.
Outcome attributes
Explicit (Yes, No) States if the outcome is specific or more vague.
Shared (Yes, No)
States if the outcome is shared among several scenario participants or not.
Novelty (To some, To all)
Indicates if the output information is new to one or more of the scenario participants.
Recorded (Personal notes, Informal local practice, Forms, Patient record, Not) Denotes how the output information is recorded, such as in personal notes, forms, varying due to informal local practice, and/or in the patient records.
Longevity (None, Short term, Long term) Denotes the lifetime of the recorded output information used in the scenario. 'None' is related to oral output information, 'Short term' is related to personal notes or other informal practices, 'Long term' indicates permanent storage in the patient record.
Type of produced information (Constructive, Cooperation, Coordination, Socialisation, Negotiation, Motivation):
constructive: the information is used as a decision basis or leads to some performed action cooperation: used as a basis for care team work coordination*: the practice of encouragement of working relationships between differentiable groups and/or individuals motivation*: the increase in expenditure of effort, energy and enthusiasm by members of a group negotiation*: a collaboration between two or more parties representing particular interests in specific outcomes where the purpose is ostensibly to achieve these outcomes through a process of discussion and compromise.
*Values from Horrocks et al. (1998) .
Medium/mode (Speech, Written, Picture, Other) Denotes the form of the produced information. 
Example scenarios
As an example of use, we present examples of ward scenarios and characterise them by using the framework presented in the previous section. An instance of a scenario is here defined as a time-limited process in which the cast (persons filling roles) does not change, and which has identifiable start, preconditions, end, and outcome. The scenarios are primarily based on non-participatory observations of physicians' and nurses' daily work in the hospital wards and informal interviews with nurses and physicians at the University Hospital of Trondheim during the period February to April 2002. Observable scenario attributes and subjective participant statements are used to characterise each scenario. In the example scenarios, conferences have been divided into separate scenarios related to individual patients. A conference may also include briefing sessions and education of medical students. The morning conference is held every weekday. Every physician of the ward attends the conference if possible. The purpose of the morning conference is to share information about new patients and to discuss other patients if needed. The head physician might also give additional administrative or other general information. Two or three days a week,
medical students may also attend the conference. The conference is separated into three different scenarios:
S1a: Morning conference per new patient
The physician who was on call the previous night or another physician from the patient care team briefly informs the group about the new patient. The information is primarily taken from a photocopied paper sheet that contains extracted patient information written by hand by a nurse and distributed to the attendants of the conference or the 'in-card' displayed on a slide. The physician who informs the others might have added some notes by hand, regarding, for instance, medication or previous hospital stays. This additional information is taken from the patient journal and/or from speaking to the patient prior to the morning conference.
S1b: Morning conference per other patients
This part of the conference includes informal discussions about some of the other patients in the ward. The discussions are initiated due, for instance, to unusual test or examination results, or if the responsible physician wants some advice from the other physicians.
S1c: Morning conference, general information
The last part of the morning conference consists of general, administrative or other information given by the head physician or other attendants of the conference.
S2: Pre-rounds conference per patient
This is a scenario that was initiated by the chief physician of the patient care team because he was unable to attend the ordinary pre-rounds conference (cf. S3a-c) due to other duties. The assistant physician and the chief physician briefly discussed the patients of the care team based on the 'in-card'. The patient charts were not used and no new test results were available.
S3a: Pre-rounds conference per patient
The pre-rounds conference is held every weekday prior to the ward rounds. One or more physicians and nurses from the care team discuss the care plans of the patients based on the patient chart, possible new test and/or examination results, and supplementary information from the nurse documentation or undocumented information from the participants of the conference. The nurse has a notebook called the 'ward rounds book' in which she registers the tasks of the ward secretaries and the nurses, for instance if there has been a change in the medication of a patient or if a patient is to be discharged or moved to another ward.
S3b: Pre-rounds incident: seeking specific information about a new patient
The physician wants to know if there has recently been a specific examination of the patient (echocardiography), and the possible results of the examination. If the examination is very recent, the patient might not need to take an additional examination, or else the results of a new examination might be compared to the latest results.
The physician searches the paper-based patient journal, but does not have time to make a systematic search, and so he is not able to answer the question during the pre-rounds conference. He, therefore, orders a new examination anyway.
S3c: Pre-rounds incident: Seeking specific examination information
The physician wants to know the result of an examination (abdomen ultrasound) that was ordered previously. He is not able to find the result, and when searching the patient chart he is not able to find out if the examination has ever been ordered. He therefore instructs the nurse to call the X-ray department to find out if the examination requisition has ever been received, and decisions regarding further treatment of the patient have to be postponed until the result of the inquiry is known.
S4a: Ward rounds per patient
One or more of the physicians and nurses who participated in the pre-rounds conference visit the patient. Based on decisions made at the pre-round conference and new input (examination of patients, test results) further actions are taken, including test order, referrals, transfer and medication. The patient chart is brought along either as a 'patient chart book', a binder including all the patient charts of current interest (used at for instance the Division of Gastroenterology) or as separate units per patient kept in a trolley that is handled by the nurse. The nurse also brings the 'ward rounds book' described in S3a.
S4b: Ward rounds incident: Seeking new test results
One of the patients wants to know his haemoglobin percentage. The nurse returns to the office to check the latest laboratory answers, but it turns out that, due to a mistake, the specific test had not been ordered that morning. The consequence is that the patient has to take an additional blood sample, and the physician has to remember to check the result of the test when it becomes available.
S5: Ordering of new tests
After the ward rounds, the physician decides what additional tests are needed for each patient and notes this in the patient chart. The nurse completes the corresponding forms and sends or brings them to the appropriate receivers.
S6: Medication
One of the nurses of the patient care team uses information from the patient chart to put this particular day's medicines for the ward patients on a medicine tray. Later, the nurse who is in charge inspects the medicine tray to ensure that the medicines correspond to the recorded information in the patient chart. Predet.
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Coop. 4.5 Applying the framework to the scenarios Table 2 shows the result of applying the framework to the example scenarios (denoted S1a-S6) described in the previous section. 'N/A -(Not applicable) -indicates that the attribute is irrelevant to the scenario in general or as a consequence of the value(s) of previous attributes. For some of the scenarios, several valid values apply to a number of the attributes.
Methodological results
The subject of this paper is the development of a framework; a set of attributes characterising information flow in a clinical setting. However, in order to further explicate our approach, it is necessary to compare it to other approaches. There are several different ways to observe a process and record what is happening in a real situation by for example:
1. Record video and sound.
2. Writing narratives, stories describing one and one observation.
3. Abstracting narratives into scenarios, in which more than one narrative are combined into one, but with remarks about variations and exceptions.
4. Abstracting scenarios into characterising features that are applicable to many different scenarios.
5. Identifying actors, resources and actions and try to model specific, or abstract, processes.
6. Doing interviews and making models of participant knowledge.
7. Making a model of the information, and model abstract processes involving this information.
Combinations of these methods are of course possible. Studies made in order to introduce changes in organisation, or introducing software systems, often make very superficial analyses of actual behaviour. Models 5, 6 and 7 suffer from shortcomings in modelling tools, the preconceptions of the engineer and requirements based on subjective interviews of managers and selected participants. On the other hand, our goal has been to introduce a tool, the MEPC, into actual work processes, not aiming to change or replace them as such, but to augment and enhance them by giving easy access to a common EHR, improve distribution of information and support decision-making. Our preferred method for making the MEPC is to characterise situations in which it can be beneficial, describe initial requirements to it through observation, and eventually develop the MEPC through participatory design. To that end, we forego recordings (1) and narratives (2) and look for features (4) of the process that we believe can be improved. This set of features; the attributes in a framework, has changed as a result of observing and using the framework. The actual process has been to propose attributes, observe, characterise, rethink attributes and values, recharacterise, and do new observations. This is illustrated in Figure 2 .   111  2  3  4  5  6  7  8  9  1011  1  2  3  4  5  6  7  8  9  2011  1  2  3  4  5  6  7  8  9  30  1  2  3  4  5  6  7  8  9  40  1  2  3  4  5  6  711  8 So far, our experience with the framework development is that:
A scenario is but an abstraction of many implicit narratives. The variance is considerable from observation to observation, and it is important to capture and describe this variance as part of a scenario description.
Even if the overall information needs and communication patterns in the different wards are similar, the use of the patient chart varies a lot depending on the individual user, i.e. how experienced the user is, for how long (s)he has been working in the particular ward, and how 'familiar' the patients are.
Seemingly unfinished or inconclusive processes are common.
Deviations from plans, or from normal scenarios, are common.
Variations in roles are important.
Our framework development is not yet finished, and will be further refined after we have started working on MEPC requirements and participatory design. Observations in new wards and hospitals will increase our experience. As a summary so far, we have concluded that instead of looking at scenarios as idealised observations, we should regard them as abstractions of observations with variance and failures, and carefully capture all deviations.
Discussion and further work
How does the framework and analysis so far help us towards making the MEPC? We have not finished our observations, and have not yet made a thorough analysis. We plan to do various clustering analyses to compare the results before embarking on the next steps in the design process. However, preliminary results show that an MEPC would be beneficial when: the documented decisions and plans are direct results of consulting formalised information (from the EHR) the process is asynchronous or spawns multiple other processes the outcome must be documented both formal and informal information exchanges occur simultaneously.
The MEPC seems superfluous when: a process outcome is short-term operational knowledge, only relevant for indirectly documented, immediate actions, unless interruptions or disturbances are common the process primarily produces 'new common knowledge', i.e. the process aims to produce consent and understanding.
The outcome of characterising ward scenarios by using the framework presented in this paper will later be used to guide further work of the MOBEL project in specifying requirements for the actual information systems. These systems include domain models and usage models of the MEPC, and we believe that the proposed framework will serve as a constructive tool before and during system design.
